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Translation of 
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Application date: September 29, 1988 

Publication date: March 30, 1 990 

Applicant: TOSHmA LITECH K.K. [Toshiba Lighting & Technol. Corp.] 



1. Title of the invention 

Solid-state light emitting element 



2. What is claimed is: 

(1) A solid-state light emitting element, characterized by comprising a substrate 
made up of a p-type boron nitride crystal layer including a minute amount of Be, and an 
n-type boron nitride crystal layer formed on the said crystal layer and including a minute 
amount of Si; a layer of particulate phosphor with a particle size of 0.3 - 13 |am which 
covers at least the junction interface of said p-type and n-type boron nitride crystal 
layers on the side portions of said substrate; and electrodes respectively formed on an 
upper surface and a lower surface of said substrate. 

(2) A solid-state Hght emitting element, characterized by comprising a substrate 
made up of a p-type boron nitride crystal layer including a minute amount of Be, and an 
n-type boron nitride crystal layer formed on the said crystal layer and including a minute 
amount of Si; a thin-fihn phosphor layer with a film thickness of 0.6 - 2.6 |im which 
covers at least the junction interface of said p-type and n-type boron nitride crystal 
layers on the side portions of said substrate, and electrodes respectively formed on an 
upper surface and a lower surface of said substrate. 



3. Detailed description of the invention 
Object of the invention 

Field of industrial application 

The present invention relates to an improvement to solid-state light emitting 
elements having a pn junction interface. 
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Prior art 

As a result of technological advances in electronics over the recent years, not only 
discharge tubes are used any more as light-emitting elements, but solid-state light 
emitting elements are finding an increasingly wide use. 

As a prior art representative for solid-state light emitting elements there is known, 
for example, a red light emitting element as shown in Fig. 2 and having the following 
structure: on an n-type GaP crystal substrate 1, an n-type GaP epitaxial layer 2 including 
a minute amount of Te and a p-type GaP epitaxial layer 3 including a minute amount of 
Zn and O are formed; furthermore electrodes 4, 5 are respectively formed on this p-type 
GaP epitaxial layer 3 and on the rear surface of the substrate 1. Apart from this, though 
not pictorially represented, there are also known red Ught emitting elements using a pn 
junction of GaAsP and GaAlAs on an n-type GaAs substrate; orange and yellow light 
emitting elements using a pn junction of GaAsj.^ Px on the said substrate; green light - 
emitting elements using a pn junction of GaP on the said GaP; blue light emitting 
elements using a pn junction of SiC on SiC. 

Despite their advantages of a small size and good consistency with electronic 
circuitry, these solid-state light emitting elements were nevertheless limited to the 
emission wavelengths that are characteristic for the respective types of light-emitting 
elements; even if light emission of another color were to be selected, the very types of 
solid-state light emitting elements are few, and light emission having a desired color 
was difficult to achieve. 

Problems to be solved bv the invention 

The present invention was conceived before the background of this situation with 
the purpose of furnishing a solid-state light emitting element providing various colors of 
emitted light while having the same kind of pn junction. 

Constitution of the invention 

Measures for achieving the object 

The first invention of the present application is a solid-state light emitting element 
which is characterized by comprising a substrate made up of a p-type boron nitride 
crystal layer including a minute amount of Be, and an n-type boron nitride crystal layer 
formed on the said crystal layer and including a minute amount of Si; a layer of 
particulate phosphor with a particle size of 0.3 - 13 jim which covers at least the 
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junction interface of the p-type and n-type boron nitride crystal layers on the side 
portions of the substrate; and electrodes respectively formed on an upper surface and a 
lower surface of the substrate. 

The second invention of the present application is a solid-state light emitting 
element which is characterized by comprising a substrate made up of a p-type boron 
nitride crystal layer including a minute amount of Be, and an n-type boron nitride crystal 
layer formed on the said crystal layer and including a minute amount of Si; a thin-film 
phosphor layer with a fibn thickness of 0.6 - 2.6 |am which covers at least the junction 
interface of the p-type and n-type boron nitride crystal layers on the side portions of the 
substrate, and electrodes respectively formed on an upper surface and a lower surface of 
the substrate. 

In the first invention of the present appHcation, when the size of the particles of 
which the layer of particulate phosphor is composed, is outside the range of grain sizes 
between 0.3 and 13 |am, it is not possible to achieve a sufficient emission intensity. Also 
in the second invention of the present application, when the film thickness of the 
phosphor layer is outside the range of 0.6 to 2.6 |im, it is not possible to achieve a 
sufficient emission intensity. 

When the present inventors applied a forward-biased current of, e.g., 0.5 mA prior 
to forming the said phosphor layer, a light emission spectrum having a peak wavelength 
in the 200 - 400 nm ultraviolet range in accordance with the representation in Fig. 3 was 
mainly achieved. Thereupon the inventors experimented with forming various phosphor 
layers having different particle sizes and film thicknesses on the pn junction, whereby 
they managed to arrive at the above described invention(s). 

In the following, the present invention shall be explained in more detail by 
referring to Fig. 1. 

In the figure, 1 1 denotes a p-type boron nitride crystal layer including a minute 
amount of Be (hereinafter: p-type layer). On this p-type layer 11, an n-type boron nitride 
crystal layer 12 including a minute amount of Si (hereinafter: n-type layer) is formed. 
For the present purposes, this p-type layer 1 1 and n-type layer 12 shall jointly be 
referred to as the substrate.On the side walls of this substrate, a particulate phosphor 
layer 13 comprised of particles having particle sizes of 0.3 - 13 |im is formed. There is 
no need to form this phosphor layer 13 so as to extend over the entire side wall, but it is 
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sufficient if it at least covers the junction portion of p-type layer 1 1 and n-type layer 12. 
Electrodes 14, 15 are respectively formed on the upper and lower surfaces of the 
substrate. 

Function 

Through the formation of various phosphor layers of different particle sizes and 
film thicknesses, the present invention makes it possible to obtain solid-state light 
emitting elements with the same kind of pn junction that provide various colors of 
emitted light. 

First embodiment 

A self-activating phosphor MgW04 was mixed into a solution of 6% (wt.) of 
nictrocellulose, 2.5% (wt.) of ethanol, 86.5% (wt.) of butyl acetate, 5.0% (wt.) of diethyl 
phthalate by stirring. Then a solid-state light emitting element was obtained by applying 
these MgW04 particles on the substrate side walls including the above mentioned pn 
junction portion, heating to 400°C, and then cooling to room temperature so as to form 
the phosphor layer. 

When a forward-biased current of 2 mA having a voltage of 20 V was applied 
between the electrodes of the solid-state Ught emitting element obtained in this way, a 
light emission spectrum having a peak wavelength at 480 nm was obtained which 
exhibited a blue light emission. Furthermore phosphor layers of MgW04 powder of 
various particle sizes were respectively formed on the pn junction portions by the same 
method as set forth above, the light emission spectrum was measured, the relative 
emission intensities at the peak wavelength of 480 nm were determined, and the 
relationship between relative emission intensity and phosphor particle size as shown in 
Fig. 4 was determined. In accordance with this figure, when the phosphor particle size 
was 0.6 fim or less, the luminous efficiency of the phosphor was extremely poor and 
was reduced to less than 20% in comparison with a phosphor particle size of about 4.0 
m at which a maximum emission intensity was obtained, and there was hardly any 
contribution to light emission. With phosphor particle sizes of 1 1 ^im and more, on the 
other hand, the relative emission intensity was equally reduced to less than 20%, so that 
the contribution to light emission was small. In accordance with the above, a particle 
size of 0.6 - 11 |im is preferred for the MgW04 making up the phosphor layer. 



Second embodiment 
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A self-activating phosphor CaW04 as the test powder was dispersed in an organic 
solution in the same way as in the first embodiment and mixed by stirring. Then a solid- 
state light emitting element was obtained by applying these MgW04 particles on the 
substrate side walls including the above mentioned pn junction portion, heating to 
470°C, and then cooling to room temperature so as to form the phosphor layer. 

When a forward-biased current of 3 mA having a voltage of 30 V was applied 
between the electrodes of the solid-state light emitting element obtained in this way, a 
light emission spectrum having a peak wavelength at about 415 nm was obtained which 
exhibited a blue light emission. 

Furthermore phosphor layers of CaW04 powder of various particle sizes were 
respectively formed on the pn junction portion by the same method as set forth above, 
the light emission spectrum was measured, the relative emission intensities at the peak 
wavelength of 480 nm were determined, and the relationship between relative emission 
intensity and phosphor particle size as shown in Fig. 4 was determined. In accordance 
with this figure, a maximum emission intensity was obtained with a phosphor particle 
size in the vicinity of 6 ^m, however just as in the case of MgW04, with particle sizes 
of 2 |im or less or 13 ^m or more it was reduced to less than 20%. Accordingly, a 
phosphor particle size of 2 - 13 fim is preferred when using CaW04 phosphor. 

Third embodiment 

A solid-state light emitting element using Zn2Si04 : Mn phosphor was obtained 
by the same method as in the first embodiment by applying this particulate phosphor 
layer on the substrate side walls including the pn junction portion so as to form the 
phosphor layer. 

When a forward-biased current of 2.5 mA having a voltage of 25 V was applied 
between the electrodes of the solid-state light emitting element obtained in this way, a 
light emission spectrum having a peak wavelength at 525 nm was obtained which 
exhibited a green light emission. 

Furthermore the relationship between relative emission intensity and phosphor 
particle size as shown in Fig. 6 was determined by varying the phosphor particle sizes. 
In accordance with this figure, a maximum emission intensity was obtained with a 
phosphor particle size in the vicinity of 5 |im, however when the particle size became 
1 .3 |im or less or 13 |am or more, the relative emission intensity was reduced to less than 
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20%, and there was no contribution to light emission. Accordingly, a phosphor particle 
size of 1.3 - 13 jam is preferred when using such a phosphor. 

Fourth embodiment 

A solid-state light emitting element using Y2O3 : Eu phosphor was obtained by 
the same method as in the first embodiment by applying this particulate phosphor layer 
on the substrate side walls including the pn junction portion so as to form the phosphor 
layer. 

When a forward-biased current of 3.0 mA having a voltage of 30 V was applied 
between the electrodes of the solid-state light emitting element obtained in this way, a 
light emission spectrum having a peak wavelength at 61 1 nm was obtained which 
exhibited a green light emission. 

Furthermore the relationship between relative emission intensity and phosphor 
particle size as shown in Fig. 7 was determined by varying the phosphor particle sizes. 
In accordance with this figure, a maximum emission intensity was obtained with a 
phosphor particle size in the vicinity of 4.2 |am, however when the particle size became 
0.7 |am or less or 1 1 jim or more, the relative emission intensity was reduced to less than 
20%, and there was no contribution to light emission. Accordingly, a phosphor particle 
size of 0.7 - 1 1 |im is preferred when using such a phosphor. 

Fifth embodiment 

A self-activating phosphor MgW04 was placed in a vacuum bell jar and a vacuum 
of about 1 X 10-6 - 6 X 10-6 mm Hg was adjusted. Under this condition, Ar gas was 
introduced, and MgWO[?] powder was sputtered in Ar atmosphere of 2 [?] 10 [?] - 2 [?] 
10 [?] mm Hg; in the same way, a phosphor layer having a desired thickness was formed 
by the sputtering method by sputtering the MgW04 powder in the vacuum bell jar on 
the pn junction portion located on the opposite side, whereby a solid-state light emitting 
element was obtained. 

When a forward-biased current of 2 mA having a voltage of 20 V was applied 
between the electrodes of the soUd-state light emitting element obtained in this way, a 
light emission spectrum having a peak wavelength at 480 nm was obtained which 
exhibited a blue light emission. Furthermore MgW04 thin-film phosphor layers of 
various film thicknesses were respectively formed on the pn junction portions by the 
same method as set forth above, the light emission spectrum was measured, the relative 
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emission intensities at the peak wavelength of 480 nm were determined, and the 
relationship between relative emission intensity and phosphor particle size[sic!] as 
shown in Fig. 8 was determined. In accordance with this figure, when the phosphor 
particle size was 0.6 jam or less, the luminous efficiency of the phosphor was extremely 
poor and was reduced to less than 20% in comparison with a phosphor particle size of 
about 1 |am at which a maximum emission intensity was obtained, and there was hardly 
any contribution to light emission. With phosphor particle sizes of 2.6 |im and more, on 
the other hand, the relative emission intensity was equally reduced to less than 20%, so 
that the contribution to light emission was small. In accordance with the above, a 
particle size of 0.6 - 2.6 ^im is preferred for the MgW04 making up the phosphor layer. 

Sixth embodiment 

A solid-state light emitting element was obtained with a self-activating phosphor 
CaW04 as a the test powder in the same way as in the fifth embodiment, by forming a 
phosphor layer by applying the GaW04[sic!] phosphor particles on the substrate side 
walls including the above mentioned pn junction portion by the vacuum sputtering 
method. 

When a forward-biased current of 3.0 mA having a voltage of 30 V was applied 
between the electrodes of the solid-state light emitting element obtained in this way, a 
light emission spectrum having a peak wavelength at about 415 nm was obtained which 
exhibited a blue light emission. 

Moreover CaWO[?] powder phosphor layers of various film thicknesses were 
respectively formed on the pn junction portion by the same method as set forth above, 
the light emission spectrum was measured, the relative emission intensities at the peak 
wavelength were determined, and the relationship between relative emission intensity 
and phosphor particle size[sic!] as shown in Fig. 9 was determined. In accordance with 
this figure, a maximum emission intensity was obtained in the vicinity of a phosphor 
grain film thickness of 1.6 |im, however just as in the case of MgW04, with film 
thicknesses of 0.6 |im or less or 2.6 |am or more it was reduced to less than 20%, 
Accordingly, a phosphor particle size of 0.6 - 2.6 [im is preferred when using CaW04 
phosphor. 

Seventh embodiment 

A solid-state light emitting element using Zn2Si04 : Mn phosphor was obtained 
by the same method as in the fifth embodiment by applying this particulate phosphor 
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layer on the substrate side walls including the pn junction portion os as to form the 
phosphor layer. 

When a forward-biased current of 2.5 mA having a voltage of 25 V was applied 
between the electrodes of the solid-state light emitting element obtained in this way, a 
light emission spectrum having a peak wavelength at 525 nm was obtained which 
exhibited a green light emission. 

Furthermore the relationship between relative emission intensity and phosphor 
particle size[sic!] as shown in Fig. 1 1 was moreover determined by varying the film 
thickness of the phosphor layer. In accordance with this figure, a maximum emission 
intensity was obtained in the vicinity of a phosphor layer film thickness of 1.4 |im, 
however when this film thickness became 0.4 |im or less or or 3.0 ^m or more, the 
relative emission intensity was reduced to less than 20%, and there was no contribution 
to light emission. Accordingly, a particle size of 0.4 - 3.0 jim is preferred when using 
such a phosphor. 

Eighth embodiment 

A solid-state light emitting element using Y2O3 : Eu was obtained by the same 
method as in the fifth embodiment by applying this particulate phosphor layer on the 
substrate side walls including the pn junction portion so as to form the phosphor layer. 

When a forward-biased current of 3.0 mA having a voltage of 30 V was applied 
between the electrodes of the solid-state light emitting element obtained in this way, a 
light emission spectrum having a peak wavelength at 61 1 nm was obtained which 
exhibited a green light emission. 

Furthermore the relationship between relative emission intensity and phosphor 
particle size as shovim in Fig. 1 1 was determined by varying the film thickness of the 
phosphor layer. In accordance with this figure, a maximum emission intensity was 
obtained at about 1 )am, however when this film thickness became 0.3 jam or less or 
3.0 |im or more, the relative emission intensity was reduced to less than 20%, and there 
was no contribution to light emission. Accordingly, a phosphor particle size of 0.3 - 
3.0 |im is preferred when using such a phosphor. 

Effect of the invention 
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In accordance with the invention as set forth above, it is possible to furnish a 
highly reliable solid-state light emitting element providing various colors of emitted 
light while having the same kind of pn junction. 

4. Short Explanation of the Drawings 

Fig. 1 is a sectional view of a solid-state light emitting element being an embodiment of 
the present invention, 

Fig. 2 is a sectional view of a solid-state light emitting element of the prior art, 
Fig. 3 is a diagram showing the characteristic line for the emission spectrum of light 
radiation from the pn junction interface of a solid-state light emitting element of the 
present invention, 

Fig. 4 - Fig. 7 are characteristic diagrams showing the relation between relative emission 
intensity and phosphor particle size in respective powder-type phosphors of different 
particle sizes. 

Fig. 8 - Fig. 1 1 are characteristic diagrams showing the relation between relative 
emission intensity and phosphor fibn thickness in respective thin-film phosphors of 
different film thicknesses. 

11 p-type boron nitride crystal layer, 

12 np-type boron nitride crystal layers 

13 phosphor layer 

14. 15 .... electrodes 
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FIG. 3 
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Using CaW04 
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Phosphor particle size (jim) 
FIG, 5 



Using Zn2Si04 : Mn 




Phosphor particle size ((im) 
FIG. 6 
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Phosphor particle size (^m) 
FIG. 7 
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Using Zn2Si04 : Mn 




' ' : 1 1 1 1 1 1 : 1 H 

0-1 0.2 0-4 0.6 0.8 1 1.^ 1 ,S 2 2.5 3.2 

Phosphor film thickness (jam) 
FIG. 10 
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Using Y2O3 : Eu 




Phosphor film thickness (^m) 
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